Abstract-In this paper, according to the recent progresses in naphtha reforming technology, dynamic modeling of catalytic naphtha reforming process is studied. The dynamic model is composed of the reforming reaction model, the heat exchanger model, furnace model, which together, are capable to capture the major dynamics that occur in this process system. Kinetic modeling of the reactions of the fixed bed reactors connected in series form the most significant part of the overall simulation effort. MATLAB software in SIMULINK mode is used for dynamic simulation. Hougen-Watson Langmuir-Hinshelwood type reaction rate expressions are used to represent rate of each reaction.The results show models are in fair agreement with the actual operating data.
I. INTRODUCTION
Catalytic naphtha reforming is an important process for producing high octane gasoline, aromatic feedstock and hydrogen in petroleum-refining and petrochemical industries.
Advanced process control and process optimization strategies are important to be considered in catalytic reforming of naphtha due to its impacts on refineries profit. These are achieved mostly via a reliable mathematical dynamic model.
The catalytic reforming process came into operation in refineries in the late 1940s. The reforming of naphtha feed stocks over platinum catalysts was pioneered by Universal Oil Products (UOP), with the plat forming process introduced in 1947.
Concerning the kinetic modeling of the naphtha processes Smith [1] firstly proposed a four lumps model by considering naphtha as being composed of naphthenes, paraffins, aromatics and light hydrocarbons (<C 5 ), lumps with average carbon number properties in 1959. However, it is not much precise because of its limited lumps. Kmak [2] developed a detailed model (Exxon model) including twenty-two lumps, which was refined by Froment [3] who developed a more detailed twenty-eight lumps model with 81 reactions. Ramage [4] [6] proposed a more detailed thirty-five lumps model used for the optimization of semi-regenerative naphtha catalytic reformers. Generally speaking, detailed models are theoretically sound but quite complicated, consequently difficult for application because of very complex lumping scheme and parameter estimation to maintain a good balance between kinetics, simplicity and applicability of the model [7] .
On the other hand, dynamic modeling was performed by Yongyou et al. [15] by a 17 lumps kinetic model and solution was performed after linearization. Actually, very limited attempt on dynamic simulation of this process have been appeared in the literature. A modeling and dynamic simulation on the catalytic reforming process was carried out by Ansari [16] using Smith's kinetic scheme.
A. Process Description
Catalytic naphtha reforming contains three reactors in series, as shown in Fig. 1 . It is generally carried out in three/four fixed or moving bed reformers. The catalyst used in reformer is commonly a bifunctional bimetallic catalyst such as Pt-Re/Al 2 O 3 , providing the metal function and the acid function. The product stream from the first reactor after preheating enters the second reactor and similarly the product stream from the second reactor after preheating enters the third one. Thus, the reactor feeds are raised to the proper temperature by heaters located before the reactors, since the reactions are endothermic. The product stream from the final reactor enters a separator wherein hydrogen rich gas stream is separated from the products which is then recycled back and mixed with the first reactor fresh feed. Reactors are of different sizes, with the smallest one located in the first stage and the largest one in the last. Temperature profile of the reactors is shown in Fig. 2 . There are a number of different methods for modeling the catalytic reforming process, and the main idea behind all of them is to determine the operating conditions of the reforming unit and to predict the yield of reformate and the temperature profile accurately.
A model must predict the behavior not only within the reactor, but in the auxiliary areas of the unit as well. It should also consider the complex nature of the process and the reactions which take place during the process of reforming.
A. Reaction Kinetic Model
Reactions of catalytic naphtha reforming are elementary and Hougen-Watson Langmuir-Hinshelwood type of reaction rate expressions are used to describe the rate of each reaction.
Rate expressions of this type explicitly account for the interaction of chemical species with catalyst and contain denominators in which characteristic terms of adsorption of reacting species are presented. The reaction rate coefficients obey the Arrhenius law. All reaction rate equations are shown in Table 1 . Where, Pi in the above equations is the partial pressure of the components and T is the temperature. As done by Hu et al. (2003) [9] and Taskar (1996) [6] , all constants of adsorption terms were obtained by studying the reforming of C 7 hydrocarbons. Thermodynamics of reactions are considered in another work [10] .
B. Reactors Dynamic Model
A dynamic mathematical model with the kinetics described above is developed by assembling the mass and energy balance on the system of reforming reactions. The mass balance provides the variation of the concentrations of the components along the reactors, and the energy balance gives the variation of temperature. Mass and energy balances for each reformer are both nonlinear partial differential equations in space and time. By taking component material balances as well as energy balanc on a differential element "dw" of catalyst bed the following system of differential equations can be obtained. 
The energy balance equation for the reactor shown in Fig. 1 can be written (proved in appendix B) as: In Hu et al. [9] catalyst heat capacity in the denominator of energy equation was ignored, while this has great influence on dynamic response of reactors.
C. Furnace ِ Model:
Simple model of fired heater furnaces are used here. In the mathematical model of this system the following assumptions are used: 1) Outlet gas temperature from the furnace is equal to tube wall temperature 2) The temperature of the tube wall is equivalent over the length of tube 3) Variation of gas temperature inside tube is linear
We consider the tubes for heat transfer according to fig.3 Figure 3. Furnace tube.
Unsteady state energy balance with the considered assumptions is as:
Supposing linear variation of gas temperature, tube exit temperature is equal to T f,out and T f,m . Substituting equation (9) into (8) results in:
In the above equations q is the amount of heat absorbed by tubes. If the amount of heat generated by fuel is denoted by Q and the efficiency of the furnace by η, then:
D. Heat Exchanger Model:
Low order lumped parameter model of heat exchangers were used. Mathematical modeling plays an important role not only in designing and optimizing chemical engineering processes but also in studying the dynamic characteristics and controllability of existing equipment. Fig. 4 depicts the thermal shell balance scheme on heat exchanger for developing the required model. Assuming perfect mixing results in achieving a lumped parameter model for the heat exchanger, as bellow:
The heat transferred q is:
Where, ΔT m is logarithm of mean temperature difference. In the SIMULINK mode all variables can be plotted versus time. The Solver type used in simulation is ode23tb with variable steps.
IV. RESULTS AND DISCUSSION
Results of simulated model are compared with experimental data obtained from the operation data sheets of a refinery plant in Iran and are shown in Fig. 7 . In order to validate the dynamic model, output temperatures of the reactors for input temperatures of three degrees centigrade are compared with the data of a refinery in Iran. Plant data are collected at every 600 seconds. The results of simulation and comparison are shown in figures 7, 8 and 9. 
V. CONCLUSION
In this paper, simulation of the dynamic model of the catalytic naphtha reformer process by MATLAB software is presented. The kinetic parameters of model are based on the steady state condition and are obtained from a commercial plant data furnished by a domestic petroleum refinery. This dynamic model is in form of partial deferential equations. The nonlinear model of the system was solved numerically by MATLAB software.
The simulation results reveals of satisfactory fitness between data and the model. 
